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GLIIXVHU@DOORZLQJWKHH[KDXVWSURGXFWVWRHQWHUDVSUD\
FKDPEHUZKLFKFRROVDQGFRQGHQVHVWKHH[KDXVWWKURXJKFLUFXODWLRQRIN/PLQ
JSPRIVSUD\ZDWHUIURPWKHZDWHUVWRUHGLQWKHVSUD\FKDPEHU7KHPHWHU
IWGLDPHWHUE\PHWHUIWGHHSFRQFUHWHVSUD\FKDPEHULVSXPSHGE\DVWHDP
HMHFWRUV\VWHPWRWUDQVSRUWWKHUHPDLQLQJH[KDXVWSURGXFWVWRWKHDWPRVSKHUH
7RPDLQWDLQYDFXXPFRQGLWLRQVGXULQJHQJLQHILULQJLWLVQHFHVVDU\WRUHPRYHWKH
SURGXFWVRIFRPEXVWLRQDVIDVWDVWKH\DUHJHQHUDWHG$W%WKLVLVDFFRPSOLVKHGE\D
VSUD\FRQGHQVLQJV\VWHPGHVLJQHGWRFRQGHQVHVWHDPDSURGXFWRIFRPEXVWLRQIRU
K\GURJHQR[\JHQHQJLQHVDQGDQHMHFWRUV\VWHPWRSXPSRXWQRQFRQGHQVDEOHJDVHV


VXFKDVH[FHVVK\GURJHQ7KHHMHFWRUVDUHYLVLEOHLQWKHDHULDOYLHZLPPHGLDWHO\WRWKH
ULJKWRIWKHWHVWEXLOGLQJ
)LJXUHLVDFXWDZD\YLHZRIWKHWHVWEXLOGLQJ$EDVLFXQGHUVWDQGLQJFDQEHPDGHIURP
WKLVYLHZDVLWVKRZVDURFNHWXSSHUVWDJHFRQWDLQLQJWZRHQJLQHVEHLQJORZHUHGLQWRWKH
WHVWFKDPEHU/RFDWHGLPPHGLDWHO\EHORZWKHWHVWFKDPEHULVWKHVSUD\FKDPEHUZKHUH
WKHURFNHW¶VH[KDXVWLVH[SRVHGWRZDWHUVSUD\VZKLFKFRQGHQVHDSRUWLRQRIWKHH[KDXVW
DVLOOXVWUDWHGLQ)LJXUH([FHVVH[KDXVWZDWHUYDSRUDQGWKHQRQFRQGHQVDEOHJDVHVDUH
WKHQUHPRYHGE\WKHSULPDU\HMHFWRUV\VWHPZKLFKLVSRZHUHGE\WKHVWHDPVXSSO\
V\VWHP7KHSULPDU\HMHFWRUV\VWHPFRQVLVWVRISDUDOOHOWUDLQVZLWKHDFKWUDLQKDYLQJ
VWDJHVRIHMHFWRUV$TXLFNREVHUYDWLRQUHYHDOVWKDWPXFKRIWKHH[KDXVWV\VWHP¶V
IXQFWLRQRFFXUVEHORZJURXQG

)LJXUH&XWDZD\YLHZRIWKH%WHVWEXLOGLQJ





)LJXUH&RQGHQVLQJ6SUD\6\VWHP

$QLPSRUWDQWSRLQWWRPDNHLVWKDWDVWKHWHVWHQJLQHVJHWODUJHUDQGJHQHUDWHPRUH
SURGXFWVRIFRPEXVWLRQLQWRWKHVSUD\FKDPEHUWKHUHZLOOEHVRPHSRLQWZKHUHWKHVSUD\
FKDPEHUFDQQRWFRQGHQVHHQRXJKRIWKHURFNHWJHQHUDWHGVWHDPWRPDLQWDLQWKHORZVSUD\
FKDPEHUSUHVVXUHV7KHH[FHVVZDWHUYDSRUZLOOVWDUWORDGLQJXSWKHHMHFWRUVWRWKHSRLQW
ZKHUHWKH\FDQQRWNHHSXS7KHVSUD\FKDPEHUSUHVVXUHZLOOWKHQEHJLQDUDSLGSUHVVXUH
JURZWKFDXVLQJFRQGLWLRQVDWWKHHQJLQHWRQRORQJHUVDWLVI\WHVWUHTXLUHPHQWV

0RGHO'HVFULSWLRQ

6,1'$)/8,17LVXVHGDVWKHSODWIRUPWRPRGHOWKHURFNHWH[KDXVWGXFWDQGVSUD\
FKDPEHURIWKH%IDFLOLW\$VFKHPDWLFRIWKHIDFLOLW\LVVKRZQLQ)LJXUH




)LJXUH%)DFLOLW\

7KHURFNHWH[KDXVWLVPRGHOHGXVLQJWKH&KHPLFDO(TXLOLEULXPZLWK
$SSOLFDWLRQVFRGH&($&($LVLQFOXGHGDVDVXEURXWLQHLQWKH6,1'$)/8,17
PRGHODQGLVWKHUHIRUHFDOOHGIURPZLWKLQWKH6,1'$)/8,17LQSXWILOH7KHPRGHOLV
VHWXSLQDSDUDPHWULFPDQQHUVRWKDWDOOLQSXWLQFOXGLQJ&($LQSXWLVVHWWKURXJKWKH
5HJLVWHU'DWDLQ6,1'$)/8,177KHLQSXWLQWKH5HJLVWHU'DWDPD\DOVREHLQSXWYLD
DQ([FHO6SUHDGVKHHWLQVWHDGRIWKURXJKWKH$6&,6,1'$)/8,17LQSXWILOH7KH
H[SDQGHGIORZH[LWLQJWKHURFNHWPRGHOHGLQ&($LVLQSXWWRWKH6,1'$)/8,17
PRGHORIWKHURFNHWH[KDXVWGXFW7KHURFNHWH[KDXVWGXFWIORZLVPRGHOHGXVLQJWKH
)/8,17SRUWLRQRI6,1'$)/8,17WKHIOXLGVV\VWHPDQDO\]HUDQGWKHURFNHWGXFW
ZDOOLVPRGHOHGLQ6,1'$WKHWKHUPDODQDO\]HU7KXVKHDWWUDQVIHUWRWKHZDOO
LQFOXGLQJDQ\ZDWHUVSUD\XVHGWRFRROWKHH[WHULRURIWKHGXFWZDOOPD\EHPRGHOHG7KH
JHRPHWU\RIWKHURFNHWH[KDXVWGXFWPD\EHLQSXWLQDVLPSOLILHG³OXPSHG´DSSURDFKRU
WKURXJKPRUHVRSKLVWLFDWHGPHWKRGVLHIXOO'JHRPHWULHV&XUUHQWO\WKHPRGHOKDV
WKHDELOLW\WRLQWHUIDFHZLWK06&3DWUDQ7KHJHRPHWU\FDQEHEXLOWLQ06&3DWUDQ
LPSRUWHGLQWR6,1'$)/8,17DQGWKHQWKHWKHUPDOUHVXOWVFDQEHPDSSHGEDFNRQWR
WKH'06&3DWUDQPRGHO
6SUD\%DUV
6SUD\&KDPEHU([KDXVW
WR(MHFWRUV
([KDXVW'XFW
:DWHU/LQH
5RFNHW
:DWHU3RRO
6SUD\&KDPEHU
9DFXXP&KDPEHU



)LJXUHWKRXJK)LJXUHTXDOLWDWLYHO\LOOXVWUDWHWKHQXPHULFDOPRGHORIWKH%IDFLOLW\DV
UHSUHVHQWHGLQ6,1'$)/8,177KHPRGHOLVFRPSRVHGRIWKUHHSULPDU\VXEPRGHOV
³$´³%´³&´)LJXUHLOOXVWUDWHV6XEPRGHO³$´ZKLFKPRGHOVWKHFRPELQHGURFNHW
GXFWIORZDQGURFNHWGXFWZDOOPRGHODVGHVFULEHGDERYH7KLVVXEPRGHOXWLOL]HV&($WR
LQLWLDOL]HWKHIORZLQWRWKHGXFW$OWKRXJK)LJXUHLOOXVWUDWHVIOXLGFRQYHFWLRQRIWKH
URFNHWGXFWIORZDQGWKHURFNHWGXFWZDOOWKHUPDOFRQGXFWLRQRQO\LQWKHUDGLDOGLUHFWLRQ
WKHZDOOJHRPHWU\PD\LQFOXGHD[LDOFRQGXFWLRQDVZHOO7KH06&3DWUDQPRGHO
LQFRUSRUDWHV'FRQGXFWLRQWKURXJKWKHURFNHWH[KDXVWGXFWZDOO

$WWKHHQGRIWKHURFNHWH[KDXVWGXFW&($LVFDOOHGRQFHPRUHWRFDOFXODWHWKHVKRFNHG
IORZFRQGLWLRQV&($LVDOVRXVHGWRPRGHOWKHTXHQFKLQJRIWKHVKRFNHGIORZ7KH
TXHQFKHGIORZFRQGLWLRQVDUHXVHGDVLQSXWWRWKHVSUD\FKDPEHU6XEPRGHO³%´RI
6,1'$)/8,177KHXVHUPD\HOHFWWRUXQWKH6,1'$)/8,17PRGHOZLWKRQO\WKH
URFNHWH[KDXVWGXFW6XEPRGHO³$´DQGQRWZLWKWKHVSUD\FKDPEHU6XEPRGHO³%´7KH
VKRFNLQJDQGTXHQFKLQJRIWKHIORZLVFRQWDLQHGLQ6XEPRGHO³$´DQGXSGDWHGLQ
6XEPRGHO³%´

)LJXUHLOOXVWUDWHV6XEPRGHO³%´ZKLFKXVHVWKHVKRFNHGDQGTXHQFKHGIORZIURP
6XEPRGHO³$´DVLQSXWIORZFRQGLWLRQVWRWKHVSUD\FKDPEHU7KHHQWUDQFHORFDWLRQRI
WKHLQIORZLVDVVXPHGWREHDWWKHERWWRPRIWKHVSUD\FKDPEHUZKLFKLVDOVRWKHORFDWLRQ
RIWKHZDWHUOLQH7KHVSUD\FKDPEHULVPRGHOHGLQ)/8,17DVDVWUDWLILHGYHVVHORUD
VHULHVRIVWDFNHG³SDQFDNHV´WKDWSDVVIORZLQRQHGLUHFWLRQXSZDUGVLQ)LJXUH7KH
RXWIORZRIWKHVSUD\FKDPEHUHPSOR\VDQHMHFWRUSXPSFXUYHDVDIXQFWLRQWDQNSUHVVXUH
7KHFRQGHQVLQJVSUD\IORZG\QDPLFVDQGKHDWWUDQVIHULVPRGHOHGYLDXVHU)2575$1
DQGLVEDVHGRQSDUWLFOHIORZPHFKDQLFV

)LJXUHLOOXVWUDWHVWKHWKHUPDOPRGHORIDVLQJOHFKDUDFWHULVWLFGURSOHWWKDWUHVLGHVDWD
JLYHQWLPHLQD³SDQFDNH´DVPRGHOHGLQ6,1'$7KHKHDWUDWHRQWKHSDUWLFOHLV
GHWHUPLQHGWKURXJKXVHU)2575$1YLDDKHDWWUDQVIHUFRHIILFLHQWZKLFKUHODWHVWKH
WKHUPDOHQYLURQPHQWRILWVUHVSHFWLYH³SDQFDNH´GHWHUPLQHGE\)/8,17DQGWKHGURSOHW
ZDOOWHPSHUDWXUHGHWHUPLQHGE\6,1'$7KHFRQGXFWLRQWKURXJKWKHGURSOHWFDQEH
GLVFUHWL]HGWRDQ\QXPEHURI³Q´QRGHV$UDGLDOFRQGXFWRU³*Q´PD\EHGHWHUPLQHGYLD
WKHIROORZLQJ
(T              Q Q Q G
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

)LJXUH6,1'$)/8,176XEPRGHO³$´RI5RFNHW([KDXVW'XFW



)LJXUH)/8,176XEPRGHO³%´RI6SUD\&KDPEHU

5RFNHW([KDXVW)ORZ
2XWSXWIURP&($
)RUFHG&RQYHFWLRQIURP5RFNHW([KDXVW)ORZWR:DOO,'
:DOO,'1RGH
:DOO2'1RGH
&RQGXFWLRQWKURXJK:DOO
)RUFHG&RQYHFWLRQ4XHQFKLQJ
IURP:DOO2'WR:DWHU
&RROLQJ1RGH
:DWHU&RROLQJ1RGH
5RFNHW)ORZ2XWRI'XFW
,QSXWWR&($IRU6KRFN
DQG4XHQFK&DOFXODWLRQV
6SUD\&KDPEHU([KDXVW
(MHFWRU3XPS&XUYH

5RFNHW)ORZDIWHU6KRFNDQG4XHQFK
&RQGHQVLQJ
6SUD\)ORZ
,QOHW
8VHU
)2575$1
IRU3DUWLFOH
'\QDPLFV
:DWHU/LQH
³SDQFDNHV´



)LJXUH6,1'$6XEPRGHO³&´RI'URSOHW

,WVKRXOGEHQRWHGWKDW6XEPRGHO³%´LVLQKHUHQWO\EXLOWDVDWUXHWUDQVLHQWWKHUHE\
PDNLQJ6XEPRGHO³&´DOVRDWUXHWUDQVLHQW7KLVLVEHFDXVHWKH³SDQFDNHV´LOOXVWUDWHGLQ
)LJXUH)LJXUHDUHPRGHOHGLQ)/8,17DVWDQNVZKLFKLQKHUHQWO\KDYHYROXPHDQG
WKHUHIRUHPDVV7KHVXEPRGHO¶VSK\VLFVUHTXLUHWKHXVHRIWKHVHSDUDPHWHUV6XEPRGHO
³$´KRZHYHUUXQVZLWKWKHVWHDG\VWDWHVROYHUEXWFDQEHUXQDVD³IDOVH´WUDQVLHQWZLWKD
VHULHVRIVWHDG\VWDWHUXQV
0RGHO'HWDLOV6XEPRGHO³$´

7KH6,1'$)/8,176XEPRGHO³$´PRGHOVWKHURFNHWGXFWIORZDQGKHDWWUDQVIHU
WKURXJKWKHURFNHWGXFWZDOO7KHVXEPRGHODOVRXWLOL]HV&($WRLQLWLDOL]HWKHURFNHWGXFW
IORZVKRFNWKHH[LWGXFWIORZDQGTXHQFKWKHH[LWGXFWIORZZLWKFRROLQJZDWHU&($LV
UXQZLWKLQ6,1'$)/8,17DVDVXEURXWLQH2WKHUDSSOLFDWLRQVRI&($ZLOOEHRXWOLQHG
EHORZDVZHOODVLQWKHVHFWLRQ&($0RGHOLQJ$SSOLFDWLRQV
6,1'$)/8,170RGHOLQJRI6XSHUVRQLF)ORZ

7KHURFNHWH[KDXVWGXFWIORZRUGXFWHQWUDQFHIORZLVVXSHUVRQLF,QRUGHUIRU
6,1'$)/8,17WRPRGHOVXSHUVRQLFIORZVHYHUDOPRGHOLQJWHFKQLTXHVDUHHPSOR\HG
7KHUHDUHILYHVLJQLILFDQWLVVXHVWKDWQHHGWREHDGGUHVVHG7KHVHLVVXHVUHJDUGWKHXVHRI
)/8,17)LUVWD)/8,17VHWPDVVIORZUDWHFRQQHFWRU0)56(7LVSODFHGDWWKHGXFW
H[LW6HFRQGDOOFKRNLQJFDOFXODWLRQVPXVWEHWXUQHGRIILQ)/8,177KLUGVHW,3'& 
IRUWKH)/8,17FRQQHFWRUVLHGXFWIULFWLRQFDOFXODWLRQVDUHVXSSOLHGE\WKHXVHU7KLV
LVQHFHVVDU\IRUVHYHUDOUHDVRQV)OXLGSURSHUWLHVXVHGLQWKHFDOFXODWLRQRIWKHIULFWLRQ
IDFWRUPXVWEHHYDOXDWHGDWDUHIHUHQFHWHPSHUDWXUHEHFDXVHRIWKHH[WUHPHWHPSHUDWXUH
YDULDWLRQVZKLFKDUHSURGXFHGLQWKHFRPSUHVVLEOHERXQGDU\OD\HU&XUUHQWO\)/8,17
GRHVQRWHYDOXDWHIOXLGSURSHUWLHVDWDUHIHUHQFHWHPSHUDWXUHLQFDOFXODWLQJIULFWLRQ
IDFWRUV(TXDWLRQLVXVHGWRHYDOXDWHIOXLGSURSHUWLHVLQFDOFXODWLQJWKHIULFWLRQIDFWRU
>5HI@
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
(T              7UHI 7ZDOO7IOXLG7UHF±7VWDW        >.@ 

7KHUHFRYHU\WHPSHUDWXUHLVGHILQHGE\>5HI@

(T              7UHF  3U 7VWDJ±7VWDW7VWDW               >.@ 

,QRUGHUIRU)/8,17WRREWDLQDVWDEOHVXSHUVRQLFVROXWLRQWKHIULFWLRQIDFWRUPXVWEH
LQSXWDVDSRVLWLYH³)&´YDOXHZLWKDQ³)32:´H[SRQHQWHTXDOWRRQH1RUPDOO\WKH
³)&´YDOXHLVQHJDWLYH$QHJDWLYHYDOXHFDXVHV)/8,17¶VVROYHUWRSXUVXHDVXEVRQLF
VROXWLRQ7KHIULFWLRQIDFWRUIRUIORZWKURXJKDGXFWZLWKIOXLGSURSHUWLHVHYDOXDWHGDW7UHI
LVJLYHQE\>5HI@

(T               '
'
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
7KH)/8,17³)&´IDFWRUFDQWKHQEHXSGDWHGWKURXJKXVHUORJLFYLDWKHHTXDWLRQ>5HI
@ 

(T               
'
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
,WLVLPSRUWDQWWRQRWHWKDWLQXVLQJWKLVSURFHGXUHWRREWDLQDVXSHUVRQLFVROXWLRQWKDWWKH
'8&70$&52RSWLRQLQ)/8,17VKRXOGQRWEHXVHG7KLVLVEHFDXVHWKLVPDFUR
DXWRPDWLFDOO\LPSRVHVDQ$&IDFWRUZKLFKLVQRWDSSURSULDWHIRUWKLVFDVH(TXLYDOHQW
UHVXOWVFDQDOVREHREWDLQHGE\LPSRVLQJDQHJDWLYH).IDFWRUWKHQHJDWLYHRI(TXDWLRQ
RULPSRVLQJDSRVLWLYH+&IDFWRUSUHVVXUHJDLQ(TXDWLRQPXOWLSOLHGE\WKHPDVVIORZ
UDWHVTXDUHG

7KHIRXUWKLVVXHUHJDUGLQJVXSHUVRQLFIORZLQYROYHVKHDWWUDQVIHU7KHKHDWWUDQVIHUWR
WKHGXFWZDOOLVDOVRVXSSOLHGYLDXVHUORJLF$WXUEXOHQWKHDWWUDQVIHUFRHIILFLHQWLV
FDOFXODWHGZLWKIOXLGSURSHUWLHVHYDOXDWHGDW7UHIXVLQJWKH&ROEXUQ$QDORJ\>5HI@

(T               '
'
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
6LQFHWKHFRQYHFWLQJIOXLGWHPSHUDWXUHWRWKHGXFWZDOOVKRXOGEHWKHUHFRYHU\
WHPSHUDWXUH(TDQGQRWWKHVWDWLFWHPSHUDWXUHWKHIROORZLQJPRGHOLQJWHFKQLTXHVDUH
HPSOR\HG7KHUPDOERXQGDU\QRGHVWKDWDQDORJRXVO\UHSUHVHQWWKHIOXLGOXPSVLQWKH
GXFWDUHFUHDWHG7KH\DUHXSGDWHGLQXVHUORJLFWRFRUUHVSRQGWRWKHUHVSHFWLYHUHFRYHU\
WHPSHUDWXUHRIWKHIOXLGOXPS7KHUPDOFRQGXFWRUVDUHFUHDWHGIURPWKHVHWKHUPDO
ERXQGDU\QRGHVWRWKHGXFWZDOOQRGHV7KHVHFRQGXFWRUVDUHXSGDWHGLQXVHUORJLFXVLQJ
(T7KHKHDWUDWHOHDYLQJDIOXLGOXPSDQGJRLQJLQWRWKHUHVSHFWLYHGXFWZDOOQRGHFDQ
EHFDOFXODWHGXVLQJ(T



(T              4' K'$V'7UHF±7ZDOO              >:@

,WVKRXOGEHQRWHGWKDW)/8,17GRHVKDYHDXWLOLW\WKDWLQFRUSRUDWHVDUHIHUHQFH
WHPSHUDWXUHLQKHDWWUDQVIHUFDOFXODWLRQV7KHDERYHSURFHGXUHMXVWLOOXVWUDWHVDQ
DOWHUQDWLYHDSSURDFK

)LQDOO\WKHILIWKLVVXHUHJDUGLQJ)/8,17DQGVXSHUVRQLFIORZLVQRWWULYLDO&XUUHQWO\
)/8,17LPSRVHVDYHORFLW\OLPLWRQWKHNLQHWLFHQHUJ\WHUPLQWKHWRWDOHQWKDOS\HQHUJ\
HTXDWLRQIRUVWDELOLW\UHDVRQV7KLVOLPLWGRHVQRWDOORZIRUWKHPD[LPXPYHORFLW\
DWWDLQHGLQWKHVXSHUVRQLFIORZPRGHOHGLQWKHDQDO\VLVRIWKH%IDFLOLW\7KHPDFK
QXPEHUVFDOFXODWHGLQWKHDQDO\VLVRIWKH%IDFLOLW\UDQJHGIURPWR)RUWKHH[DFW
YHORFLW\OLPLWXVHGLQ)/8,17&XOOLPRUH	5LQJ7HFKQRORJLHVVKRXOGEHFRQVXOWHGIRU
WKLVYDOXHPD\GHSHQGRQWKHYHUVLRQRI6,1'$)/8,17EHLQJXVHG7KH)/8,17
PD[LPXPYHORFLW\FRQVWUDLQWLQWKLVDQDO\VLVZDVPV7KLVFRQVWUDLQWGLGQRWDOORZ
IRUWKHFRQVHUYDWLRQRIWRWDOHQWKDOS\IRUDGLDEDWLFIORZ,QRUGHUWR³FRQVHUYH´WRWDO
HQWKDOS\DKHDWUDWHZDVLPSRVHGRQWKHIOXLGOXPSVUHSUHVHQWLQJWKHGXFWIORZ7KLVKHDW
UDWHUHSUHVHQWHGWKH³SVHXGR´NLQHWLFHQHUJ\WHUPWKDWZDVPLVVLQJEHFDXVHRIWKH
YHORFLW\OLPLW7KHKHDWUDWHVIRUWKHLQGLYLGXDOIOXLGOXPSVZHUHFDOFXODWHGLQXVHUORJLF
VRWKDWWKHWRWDOHQWKDOSLHVIRUWKHUHVSHFWLYHOXPSVZHUHFRQVHUYHG7KLVSURFHVVZDV
DOVRUHSHDWHGIRUIORZWKDWLQFOXGHGKHDWWUDQVIHUWRWKHZDOO7KHHQWLUHSURFHVVIRU
GHWHUPLQLQJWKH³SVHXGR´KHDWUDWHVLQYROYHGVHYHUDO6,1'$)/8,17)$67,&FDOOV
LHVWHDG\VWDWHFDOOV)LUVWDVWHDG\VWDWHVROXWLRQLVREWDLQHGIRUWKHGXFWIORZZLWKQR
ZDOOKHDWWUDQVIHUDQGQRLPSRVHG³SVHXGR´NLQHWLFHQHUJ\KHDWUDWHV7KLV\LHOGVD
VROXWLRQWKDWGRHVQRWFRQVHUYHWRWDOHQWKDOS\$VHFRQGVWHDG\VWDWHFDOOLVWKHQPDGH
WKDWHPSOR\VXVHUORJLFWRFDOFXODWHWKHQHFHVVDU\KHDWUDWHVWRFRQVHUYHWRWDOHQWKDOS\IRU
WKHLQGLYLGXDOIOXLGOXPSV7KLVVHFRQGUXQUHVWDUWVIURPWKHUHVXOWVRIWKHILUVWUXQ,I
ZDOOKHDWWUDQVIHULVPRGHOHGDWKLUGVWHDG\VWDWHFDOOLVPDGHWKDWUHVWDUWVIURPWKHUHVXOWV
RIWKHVHFRQGVWHDG\VWDWHUXQ7KLVWKLUGVWHDG\VWDWHFDOOUHFDOFXODWHVQHZ³SVHXGR´KHDW
UDWHVWKDWWDNHLQWRDFFRXQWWKHKHDWUDWHWRWKHZDOO

,QRUGHUWRH[HFXWHWKHDIRUHPHQWLRQHGSURFHGXUHWKHVWDJQDWLRQFRQGLWLRQVRIWKHGXFW
IORZIOXLGOXPSVPXVWEHFDOFXODWHG)RUQRZDOOKHDWWUDQVIHUWKLVFDOFXODWLRQQHHGRQO\
EHH[HFXWHGRQFHVLQFHVWDJQDWLRQHQWKDOS\LVFRQVHUYHG+RZHYHUIRUWKHFDVHRIZDOO
KHDWWUDQVIHUHDFKIOXLGOXPSZLOOKDYHDQHZVWDJQDWLRQVWDWH7KHSUREOHPLQ
FDOFXODWLQJVWDJQDWLRQFRQGLWLRQVOLHVLQWKDWPRVWSURSHUW\WDEOHVGRQRWJRWRVXFKKLJK
WHPSHUDWXUHFRQGLWLRQV2QHZD\WRFLUFXPYHQWWKLVLVWRXVH&($WRFDOFXODWHVWDJQDWLRQ
FRQGLWLRQV

&($0RGHOLQJ$SSOLFDWLRQV

&($&KHPLFDO(TXLOLEULXPZLWK$SSOLFDWLRQVLVD1$6$GHYHORSHGFRGHWKDW
FDOFXODWHVPL[WXUHFKHPLFDOHTXLOLEULXPFRPSRVLWLRQVDQGSURSHUWLHV7KHVRXUFHFRGHLV
ZULWWHQLQ$16,VWDQGDUG)2575$1DQGLVDSSHQGHGDVDVXEURXWLQHWRWKH
6,1'$)/8,17PRGHORIWKH%IDFLOLW\&($LVXVHGIRUVHYHUDOIXQFWLRQVLQWKH


PRGHO)LUVW&($GHWHUPLQHVWKHURFNHWH[KDXVWGXFWIORZSURSHUWLHVWKDWVHUYHDVLQOHW
FRQGLWLRQVWRWKHURFNHWGXFW6,1'$)/8,17PRGHO7KHURFNHWVHWXSLQ&($LVUXQDV
DQHQWKDOS\SUHVVXUHFDVH)RUDJLYHQDUHDUDWLR&($RXWSXWVSDUDPHWHUVWKDWFDQEH
XVHGWRFDOFXODWHWKHURFNHWGXFWPDVVIORZUDWH7KHPDVVIORZUDWHSUHVVXUHDQG
WHPSHUDWXUHRXWSXWIURP&($IRUDJLYHQDUHDUDWLRDUHXVHGDVLQSXWWRWKH
6,1'$)/8,17URFNHWGXFWPRGHO7KLVLVDFFRPSOLVKHGYLDXVHUORJLF

&($LVDOVRXVHGWRGHWHUPLQHGXFWIORZVWDJQDWLRQSURSHUWLHV)RUDJLYHQIOXLGOXPS
ZKHUHSUHVVXUHWHPSHUDWXUHHQWKDOS\DQGHQWURS\DUHNQRZQYLD6,1'$)/8,17
&($PD\EHXVHGWRGHWHUPLQHWKHVWDJQDWLRQFRQGLWLRQVRIWKHIOXLGOXPS$VXEURXWLQH
ZDVFUHDWHGWKDWVHWVXSD&($UXQDQGLVFDOOHGIURPXVHUORJLF7KHXVHUPD\HOHFWWR
VHQGWKLVVXEURXWLQHWKHHQWKDOS\HQWURS\DQGSUHVVXUHRIDJLYHQIOXLGOXPSGHWHUPLQHG
YLD6,1'$)/8,17RUWKHXVHUPD\HOHFWWRVHQGWKHWHPSHUDWXUHDQGSUHVVXUHRID
JLYHQIOXLGOXPSGHWHUPLQHGYLD6,1'$)/8,17,IWHPSHUDWXUHDQGSUHVVXUHYDOXHV
DUHVHOHFWHGWREHVHQWWRWKHVXEURXWLQHWKHQWKHVXEURXWLQHILUVWFDOOVD
WHPSHUDWXUHSUHVVXUHFDVHLQ&($VRWKDWWKHHQWKDOS\DQGHQWURS\PD\EHGHWHUPLQHG
$OVRUHTXLUHGDVLQSXWWRWKLVVXEURXWLQHLVWKHIORZYHORFLW\DVVRFLDWHGZLWKWKHIOXLG
OXPS*LYHQWKHYHORFLW\DQGSUHVVXUHRIWKHIOXLGOXPSD³JXHVVHG´YDOXHRIWKHWRWDO
SUHVVXUHLVFDOFXODWHG7KHYHORFLW\DQGHQWKDOS\HLWKHUVXSSOLHGE\6,1'$)/8,17RU
FDOFXODWHGYLD&($LVXVHGWRFDOFXODWHWKHWRWDOHQWKDOS\RIWKHIOXLGOXPS7KHYDOXHRI
WRWDOSUHVVXUHLVXVHGWRUXQDQHQWURS\SUHVVXUHFDVHLQ&($7KHRXWSXWHQWKDOS\
FDOFXODWHGYLD&($LVWKHQFRPSDUHGWRWKHWRWDOHQWKDOS\FDOFXODWHGIURPWKHXVHULQSXWV
RIHQWKDOS\DQGYHORFLW\,IWKHVHWZRYDOXHVDUHQRWFRQYHUJHGDQHZJXHVVRQWKHWRWDO
SUHVVXUHLVFDOFXODWHGDQGWKHSURFHGXUHLVUHSHDWHG8SRQFRQYHUJHQFHWKHVXEURXWLQH
UHWXUQVWRWDOFRQGLWLRQVRIWKHIOXLGOXPSLHWHPSHUDWXUHSUHVVXUHDQGHQWKDOS\

$QRWKHUVXEURXWLQHZDVFUHDWHGWKDWVHWVXSD&($VKRFNUXQ7KLVVXEURXWLQHLVFDOOHG
IURPXVHUORJLFLQ6,1'$)/8,17XVLQJWKHIOXLGSURSHUWLHVRIWKHH[LWIOXLGOXPSLQ
WKHURFNHWGXFW)RUDJLYHQIOXLGOXPSZKHUHSUHVVXUHDQGWHPSHUDWXUHDUHNQRZQYLD
6,1'$)/8,17DVZHOODVWKHYHORFLW\DVVRFLDWHGZLWKWKHIOXLGOXPS&($FDOFXODWHV
WKHSRVWVKRFNIORZSURSHUWLHV

7KHSURSHUWLHVRIWKHVKRFNHGIORZDUHXVHGLQWKHTXHQFKFDOFXODWLRQV7KLVVKRFNHG
URFNHWGXFWIORZH[KDXVWLVTXHQFKHGZLWKFRROLQJZDWHUWKDWUXQVDORQJWKHRXWVLGHRIWKH
URFNHWGXFW$QRWKHUVXEURXWLQHXWLOL]LQJ&($ZDVFUHDWHGWRFDOFXODWHWKHTXHQFKZDWHU
IORZUDWHQHHGHGWREULQJWKHVKRFNHGURFNHWGXFWIORZH[KDXVWWRWKHLQOHWTXHQFK
FRROLQJZDWHUWHPSHUDWXUHDWWKHVSUD\FKDPEHUSUHVVXUH8OWLPDWHO\WKLVLVDWUDQVLHQW
SURFHVVVLQFHWKHVSUD\FKDPEHUSUHVVXUHYDULHVDVDIXQFWLRQRIWLPH7KHWRWDOHQWKDOS\
RIWKHVKRFNHGURFNHWH[KDXVWGXFWIORZFDOFXODWHGXVLQJWKHDIRUHPHQWLRQHGVXEURXWLQH
DVZHOODVWKHHQWKDOS\RIWKHTXHQFKHGFRROLQJZDWHUVXSSOLHGYLD6,1'$)/8,17LV
VHQWWRWKLVVXEURXWLQH,WVKRXOGEHQRWHGWKDWWKHVXEFRROLQJRIWKHTXHQFKHGFRROLQJ
ZDWHULVWDNHQLQWRDFFRXQWLQWKH6,1'$)/8,17ZDWHUSURSHUW\GDWDEDVH7KLV
VXEURXWLQHVHWVXSDQLWHUDWLYHHQWKDOS\SUHVVXUHFDOOLQJSURFHGXUHWR&($WKDWJXHVVHVDQ
LQLWLDOPDVVIORZUDWHRIWKHTXHQFKFRROLQJZDWHU7KHHQWKDOS\WKDWLVVHQWWR&($LQ
WKLVHQWKDOS\SUHVVXUHSURFHGXUHLVGHILQHGE\
  


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
7KHPDVVIORZUDWHRIWKHTXHQFKFRROLQJZDWHULVLWHUDWHGXSRQXQWLOWKHWHPSHUDWXUHRI
WKHYDSRUPL[WXUHFDOFXODWHGE\&($FRQYHUJHVWRWKHLQOHWTXHQFKFRROLQJWHPSHUDWXUH
,IWKHPDVVIORZUDWHRIWKHTXHQFKFRROLQJZDWHULVOHVVWKDQWKHWRWDOLQOHWTXHQFK
FRROLQJZDWHUPDVVIORZUDWHWKHH[FHVVZDWHULVUHPRYHGIURPWKHV\VWHPLHWKHZDWHU
SRROVHH)LJXUH7KLVTXHQFKHGYDSRUVHUYHVDVWKHLQOHWFRQGLWLRQVWRWKHVSUD\
FKDPEHUPRGHO6XEPRGHO³%´
$ILQDOQRWHUHJDUGLQJ&($DQG6,1'$)/8,17QHHGVWREHDGGUHVVHG0DQ\RIWKH
6,1'$)/8,17SURSHUW\GDWDEDVHVDUHJHQHUDWHGZLWK5()35235HIHUHQFH)OXLG
7KHUPRG\QDPLFDQG7UDQVSRUW3URSHUWLHV7KLVLVD1,67VWDQGDUGUHIHUHQFHGDWDEDVH
>5HI@&DUHQHHGVWREHWDNHQLQWUDQVIHUULQJHQWKDOS\DQGHQWURS\YDOXHVEHWZHHQ&($
>5HI@DQG6,1'$)/8,17EHFDXVHWKHUHIHUHQFHVWDWHVXVHGE\HDFKFRGHPD\QRW
FRLQFLGH3OHDVHUHIHUWR$SSHQGL[$IRUPRUHLQIRUPDWLRQ
'XFW:DOO&RROLQJ

7KHRXWVLGHRIWKHURFNHWGXFWLVFRROHGE\WKHTXHQFKFRROLQJZDWHU7KHTXHQFK
FRROLQJZDWHULVPDLQWDLQHGDWWKHVSUD\FKDPEHUSUHVVXUHDQGWKHLQOHWFRQGHQVHUVSUD\
WHPSHUDWXUH$KHDWWUDQVIHUFRHIILFLHQWLVFDOFXODWHGWKDWLQFOXGHVILOPERLOLQJDQG
FRQYHFWLRQ7KHILOPERLOLQJKHDWWUDQVIHUFRHIILFLHQWZKLFKWDNHVLQWRDFFRXQW
VXEFRROLQJRIWKHZDWHULVJLYHQE\>5HI@
    
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DQG-DLVWKH-DNREQXPEHU
  
7KHIRUFHGFRQYHFWLRQKHDWWUDQVIHUFRHIILFLHQWLVFDOFXODWHGYLDD6,1'$)/8,17
VXEURXWLQH(;7&</ZKLFKFDOFXODWHVWKHIRUFHGFRQYHFWLRQKHDWWUDQVIHUFRHIILFLHQWIRU
DVHPLLQILQLWHFLUFXODUF\OLQGHUVXEMHFWWRDSHUSHQGLFXODUH[WHUQDOIORZ>5HI@,QXVHU
ORJLFWKHWRWDOKHDWWUDQVIHUFRHIILFLHQWLVFDOFXODWHGDV>5HI@

(T             FRQYTXHQFK ILOPK K K                       >:P.@

$Q\ZDWHUYDSRUIRUPHGE\WKHTXHQFKFRROLQJZDWHUPD\EHRSWLRQDOO\DGGHGWRWKH
VSUD\FKDPEHUPRGHO6XEPRGHO³%´3ODFLQJWKLVDGGLWLRQDOYDSRUDERYHWKHVSUD\EDU


LQWKHVSUD\FKDPEHUZLOOFUHDWHDJUHDWHUORDGRQWKHHMHFWRUSXPSVDQGFDXVHWKH
SUHVVXUHLQWKHVSUD\FKDPEHUWRULVH
7UDQVLHQW&RQWURO

)RUDWUDQVLHQWPRGHORIWKHURFNHWH[KDXVWGXFWIORZWKHVHULHVRI)$67,&VWHDG\VWDWH
FDOOVDVSUHYLRXVO\GHVFULEHG6,1'$)/8,170RGHOLQJRI6XSHUVRQLF)ORZDUH
FDOOHGDVGHVLUHGE\WKHXVHU$WLPHLQFUHPHQWIRUXSGDWLQJDQ\URFNHWWUDQVLHQWGDWDLV
LQSXWWKURXJKWKH6,1'$)/8,175HJLVWHU'DWD%ORFN7KLVWUDQVLHQWGDWDPD\LQFOXGH
EXWLVQRWOLPLWHGWRR[LGL]HUWRIXHOZHLJKWUDWLRDQGFKDPEHUSUHVVXUH7KHGDWDPD\
EHLQSXWWKURXJKWKH$UUD\'DWD%ORFN7KHVKRFNLQJDQGVXEVHTXHQWTXHQFKLQJRIWKH
URFNHWH[KDXVWGXFWIORZLVUHVSHFWLYHO\XSGDWHGDVZHOO+RZHYHUWKHVKRFNLQJDQG
TXHQFKLQJRIWKHGXFWIORZPD\DOVREHXSGDWHGYLDDVHSDUDWHSDUDPHWHUGXULQJWKH
WUDQVLHQWDQDO\VLV7KHXVHUPD\XSGDWHWKLVSURFHVVDVDIXQFWLRQRIFKDQJHLQVSUD\
FKDPEHUSUHVVXUHYLDXVHUORJLF7KLVLQFUHPHQWDOFKDQJHRIVSUD\FKDPEHUSUHVVXUHLV
LQSXWLQWKH5HJLVWHU'DWD%ORFN

0RGHO'HWDLOV6XEPRGHO³%´
0RGHO6HWXS

7KH%VSUD\FKDPEHULVPRGHOHGLQ)/8,17DVDVWUDWLILHGYHVVHOXVLQJDVHULHVRI
VWDFNHG³SDQFDNHV´SUHYLRXVO\VKRZQLQ)LJXUH7KH³SDQFDNHV´DUHPRGHOHGDV
)/8,17WDQNVZLWKLIDFHVEHWZHHQWKHP7KHWDQNVKDYHYROXPHDQGWKHUHIRUHPDVV
DQGWKHLIDFHVDUH³PDVVOHVV´PHPEUDQHVWKDWZLOOH[SDQGRUFRQWUDFWWKHWDQNVWRZKLFK
WKH\DUHDWWDFKHGDVPDVVLVHLWKHUDGGHGRUVXEWUDFWHGIURPVDLGWDQNV7KHVHLIDFHV
PDLQWDLQFRQVWDQWSUHVVXUHEHWZHHQWKHWDQNV$OVREHWZHHQWKHWDQNVDUHVHWYROXPH
IORZUDWHFRQQHFWRUV9)56(7/RJLFZDVFUHDWHGWRFDOFXODWHWKHDSSURSULDWHYROXPH
IORZVUDWHWRSDVVEHWZHHQWKH³SDQFDNHV´VRWKDWWKHYROXPHVRIWKH³SDQFDNHV´ZRXOG
UHPDLQUHODWLYHO\HTXDORUPRUHUHDOLVWLFDOO\ZLWKLQDFHUWDLQSHUFHQWDJHRIHDFKRWKHU
7KHVHYROXPHIORZVUDWHDOZD\VIORZ³XS´DQGQHYHUUHYHUVHWKDWLVIORZDOZD\V
SURFHHGVLQWKHGLUHFWLRQIURPWKHURFNHWH[KDXVWGXFWSOHQXPWRWKHHMHFWRUSXPS
SOHQXP

7KHVKRFNHGDQGTXHQFKHGIORZRIWKHURFNHWH[KDXVWGXFWHQWHUVWKHERWWRPRIWKHVSUD\
FKDPEHU,QWKLVDQDO\VLVWKLVH[KDXVWGXFWIORZLVFRPSULVHGRIVWHDPDQGK\GURJHQ
7KLVLQIORZFRQGLWLRQLVPRGHOHGYLDDSOHQXPZLWKDVHWPDVVIORZUDWHFRQQHFWRU
0)56(77KHVHFRQGLWLRQVDUHDOORZHGWRYDU\DFFRUGLQJWRWUDQVLHQWLQSXWGDWDDV
GHVFULEHGLQWKHSUHYLRXVVHFWLRQ0RGHO'HWDLOV6XEPRGHO³$´7UDQVLHQW&RQWURO
7KHRXWIORZRIWKHV\VWHPLVFRQWUROOHGE\DQHMHFWRUSXPSLQJV\VWHP7KLVLVPRGHOHG
ZLWKDSOHQXPDQG0)56(7FRQQHFWRU7KHHMHFWRUSXPSLQJFDSDFLW\LVLQSXWDVPDVV
IORZUDWHYHUVXVSUHVVXUHFXUYHVLQWKH5HJLVWHU'DWD%ORFN7KHVHFXUYHVDUHXVHGLQWKH
ORJLFEORFNVWRGHWHUPLQHWKHDSSURSULDWHDPRXQWRIVWHDPDQGK\GURJHQWRUHPRYHIURP
WKHV\VWHPEDVHGRQWKHVSUD\FKDPEHUSUHVVXUH7KHHMHFWRU0)56(7FRQQHFWRUXWLOL]HV


WKHVSHFLHVVSHFLILFVXFWLRQRSWLRQWRUHPRYHWKHDSSURSULDWHDPRXQWVRIVWHDPDQG
K\GURJHQEDVHGRQWKHFDOFXODWLRQVXVLQJWKHHMHFWRUFXUYHVLQWKHORJLFEORFNV

7KHPRGHOFRQWDLQVOXPSVZKLFKDUH³GXPP\SOHQXPV´WKDWGRQ¶WKDYHDQ\LPSDFWRQ
WKHIORZVROXWLRQEXWDUHXVHGIRUERRNNHHSLQJSXUSRVHV7KHVHOXPSVVWRUHWKHVDWXUDWHG
SUHVVXUHDQGWKHFRUHWHPSHUDWXUHRIWKHFKDUDFWHULVWLFOLTXLGGURSOHWWKDWRFFXSLHVD
UHVSHFWLYHWDQNDWDJLYHQWLPH(YHU\WDQNKDVDVVRFLDWHGZLWKLWD³GXPP\SOHQXP´WKDW
UHSUHVHQWVDGURSOHWZLWKDXQLTXHLQOHW6DXWHU0HDQ'LDPHWHU60')RUH[DPSOHLI
WKHUHDUHILYHVWUDWLILHG³SDQFDNHV´RUWDQNVDQGRQO\RQHLQOHW60'IDPLO\RIGURSOHWV
WKHQWKHUHDUHILYH³GXPP\SOHQXPV´,IWKHUHDUHWZRIDPLOLHVRIGURSOHWVZLWKGLIIHUHQW
LQOHW60'VWKHQWKHUHDUHWHQ³GXPP\SOHQXPV´RUWZR³GXPP\SOHQXPV´IRUHYHU\
WDQN)LJXUHLOOXVWUDWHVWKH%VSUD\FKDPEHUPRGHOHGDVDVWUDWLILHGYHVVHOXVLQJILYH
)/8,17WDQNV7KHUHLVRQO\RQHLQOHW60'IDPLO\RIGURSOHWVVRWKHUHDUHRQO\ILYH
³GXPP\SOHQXPV´ZKLFKUHSUHVHQWWKHSURSHUWLHVRIWKHFKDUDFWHULVWLFGURSOHWZLWKLQWKH
UHVSHFWLYHILYHWDQNV$OWKRXJKUHIHUUHGWRDVSOHQXPVWKHVH)/8,17OXPSVDUHLQSXWDV
WDQNVEXWDUHKHOGLQERXQGDU\VWDWHVYLD)/8,17VXEURXWLQHFDOOVWR+/'/037KLV
SURFHGXUHHVVHQWLDOO\PDNHVWKHWDQNVEHKDYHDVSOHQXPV7KLVLVGRQHRQFHDJDLQIRU
ERRNNHHSLQJSXUSRVHV%HIRUHWKHFDOOVWR+/'/03DUHPDGHWKHYROXPHVRIWKHVH
WDQNVDUHXSGDWHGWRVWRUHWKHFXUUHQWOLTXLGYROXPHRIWKHVXPWRWDORIWKHGURSOHWV
RFFXS\LQJLWUHVSHFWLYHVWUDWLILHGWDQN

7KHVSUD\EDULVPRGHOHGYLDDSOHQXPZLWKDVHWPDVVIORZUDWHFRQQHFWRU0)56(7
1RWHWKDWWKHORFDWLRQRIWKH0)56(7FRQQHFWRUZLOOYDU\GHSHQGLQJRQKRZPDQ\WDQNV
ZLWKZKLFKWKHXVHURSWVWRVWUDWLI\WKHVSUD\FKDPEHUYHVVHO7KDWLVWKHVSUD\EDU
0)56(7ZLOOFRQQHFWWRWKHGURSOHW³GXPP\SOHQXP´ZKRVHUHVSHFWLYHVWUDWLILHGWDQNLV
DWWKHDSSUR[LPDWHSK\VLFDOORFDWLRQRIWKHVSUD\EDU7KHVSUD\EDUSOHQXPDQGLWV
0)56(7FRQQHFWRUVHUYHRQO\WRERRNNHHSWKHLQOHWZDWHUIORZWKDWHQWHUVWKHVSUD\
FKDPEHU




)LJXUH)/8,170RGHO6HWXSRI6SUD\&KDPEHU


7DQN

7DQN

7DQN

7DQN

7DQN
3OHQXPVWKURXJK
UHSUHVHQWWKHGURSOHW³GXPP\
SOHQXPV´ZKLFKVWRUHWKH
VDWXUDWHGSUHVVXUHDQGFRUH
WHPSHUDWXUHRIWKHFKDUDFWHULVWLF
GURSOHWRFFXS\LQJLWVUHVSHFWLYH
WDQN
7DQNVWKURXJK
UHSUHVHQWWKH
VWUDWLILHG%VSUD\
FKDPEHU XOODJH
3OHQXP
3OHQXP 6SUD\%DU:DWHU,QOHW
(MHFWRUV
6KRFNHGDQG4XHQFKHG
5RFNHW([KDXVW'XFW)ORZ
3OHQXP

3OHQXP

3OHQXP

3OHQXP

3OHQXP

0)56(7
9)56(7
0)56(7
,)$&(
0)56(7FRQQHFWRU
ORFDWLRQPD\FKDQJHUHODWLYH
WRWKHQXPEHURIWDQNV
3OHQXP



)LJXUH)/8,170RGHO6HWXSRI6SUD\&KDPEHU

(DFKWDQNDQGGURSOHW³GXPP\SOHQXP´KDVDVVRFLDWHGZLWKLWWZRSOHQXPVUHIHUWR
)LJXUHZKLFKLOOXVWUDWHVWKLVIRURQO\RQHWDQNDQGLWVUHVSHFWLYHGURSOHW³GXPP\
SOHQXP´7KHVHSOHQXPVDUHXSGDWHGLQXVHUORJLFWREHDWWKHVDWXUDWLRQSUHVVXUHDQG
WHPSHUDWXUHRIWKHFKDUDFWHULVWLFGURSOHWWKDWRFFXSLHVWKDWWDQNDWDJLYHQWLPH2QH
SOHQXPUHSUHVHQWVWKHVDWXUDWHGOLTXLGVWDWHDQGWKHRWKHUSOHQXPUHSUHVHQWVWKHVDWXUDWHG
YDSRUVWDWH1RWHWKDWWKLVVDWXUDWLRQVWDWHPD\QRWQHFHVVDULO\EHHTXLYDOHQWWRWKH
VDWXUDWLRQVWDWHRIWKHWDQN7KHVDWXUDWHGOLTXLGSOHQXPKDVDQ0)56(7FRQQHFWRU
ZKLFKUHPRYHVWKHFRQGHQVDWHPDVVIORZUDWHIURPLWVUHVSHFWLYHWDQNDQGDQ0)56(7
FRQQHFWRUZKLFKSODFHVWKHFRQGHQVDWHPDVVIORZUDWHLQWRLWVFRUUHVSRQGLQJGURSOHW
³GXPP\SOHQXP´7KHODWWHU0)56(7LVMXVWIRUERRNNHHSLQJSXUSRVHVDQGGRHVQRW
LQIOXHQFHWKHVROXWLRQ7KHVDWXUDWHGYDSRUSOHQXPKDVDQ0)56(7FRQQHFWRUZKLFK
WUDQVIHUVWKHHYDSRUDWLYHPDVVIORZUDWHIURPWKHGURSOHWVWRLWVUHVSHFWLYHWDQNDQGDQ
0)56(7FRQQHFWRUZKLFKUHPRYHVWKHHYDSRUDWLYHPDVVIORZUDWHIURPWKHGURSOHWV
IURPLWVFRUUHVSRQGLQJGURSOHW³GXPP\SOHQXP´7KHODWWHU0)56(7LVMXVWIRU
ERRNNHHSLQJSXUSRVHVDQGGRHVQRWLQIOXHQFHWKHVROXWLRQ7KHVDWXUDWHGYDSRUSOHQXP¶V
0)56(7FRQQHFWRUPD\RSWLRQDOO\LQFOXGHYDSRUIRUPHGIURPWKHTXHQFKFRROLQJZDWHU
XVHGRQWKHRXWVLGHZDOORIWKHURFNHWH[KDXVWGXFW7KHWRWDOYDSRUIORZUDWHIRUPHG
IURPWKHTXHQFKFRROLQJZDWHUPD\EHHTXDOO\GLYLGHGDQGGLVWULEXWHGDPRQJVWDOOWKH
WDQNVRULWPD\EHGLVWULEXWHGHTXDOO\DPRQJVWWKHWDQNVWKDWSK\VLFDOO\UHVLGHDERYHWKH
VSUD\EDUV

7KHVKRFNHGDQGTXHQFKHGURFNHWH[KDXVWGXFWIORZUDWHWKDWHQWHUVWKHVSUD\FKDPEHU
DQGSDVVHVWKURXJKWKHVWUDWLILHGWDQNVQHYHUWHFKQLFDOO\PL[HVZLWKWKHVSUD\EDULQOHW
3OHQXP


7DQN
3OHQXP

3OHQXP

           MFRSET  
(may contain additional 
vapor formed from the 
quench cooling water on 
the duct) 
(YDSRUDWLRQ (YDSRUDWLRQ
&RQGHQVDWLRQ &RQGHQVDWLRQ
'URSOHW
6DWXUDWHG
/LTXLG
       MFRSET 
(for bookkeeping 
purposes only) 
'URSOHW
6DWXUDWHG
9DSRU
       MFRSET 
(for bookkeeping 
purposes) MFRSET 


ZDWHUPDVVIORZUDWHRQWKH)/8,17OHYHO7KDWLVWKHVSUD\EDUZDWHUIORZQHYHU
RFFXSLHVD)/8,17WDQNWKDWFRQWDLQVWKHH[KDXVWGXFWIORZ7KHH[KDXVWGXFWIORZDQG
WKHVSUD\EDUZDWHUIORZIROORZFRXQWHUIORZSDWKVWKDWYLUWXDOO\UXQSDUDOOHOWRRQH
DQRWKHUVHH)LJXUH7KHZDWHUIORZIURPWKHVSUD\EDUDOZD\VIORZV³GRZQ´DQGLV
QRWPRGHOHGXVLQJ0)56(7FRQQHFWRUVEHFDXVHWKHZDWHUIORZLVQRWPRGHOHGDVD
FRQWLQXXPEXWDVGURSOHWV7KHPRGHOLQJRIWKHGURSOHWSK\VLFVPRPHQWXPDQGKHDW
WUDQVIHULVSULPDULO\DFFRPSOLVKHGWKURXJKXVHUORJLF7KLVLVEHFDXVHLWLVGHVLUDEOHDQG
PRUHDSSURSULDWHIRUWKHV\VWHPEHLQJDQDO\]HGWKDWWKHGURSOHWPHFKDQLFVEH/DJUDQJLDQ
EDVHG7KH)/8,17³SDQFDNH´LVKRPRJHQHRXVDQGPD\EHLQWKHUPDOQRQHTXLOLEULXP
ZLWKWKHGURSOHWVWKDWUHVLGHLQLWDWDJLYHQWLPH,WLVGHVLUHGWKDWDPRGHOEHFUHDWHGWKDW
GHWHUPLQHVWKHFRQGHQVLQJHIILFLHQF\DQGQRWUHTXLUHWKLVSDUDPHWHUDVDQLQSXW1HLWKHU
VKRXOGWKHSUHVVXUHGLVWULEXWLRQWKURXJKWKHVSUD\FKDPEHUHYHUEHDVVXPHGEXW
FDOFXODWHGLQWKHPRGHO$OWKRXJKWKHPRGHOLQJRIWKHGURSOHWLV/DJUDQJLDQEDVHG
WUDFNLQJRILQGLYLGXDOGURSOHWVLVQRWGRQH5DWKHUZLWKLQHDFKWDQNDWLPHZHLJKWHG
DYHUDJHRIGURSOHWSDUDPHWHUVLVGHWHUPLQHG7KHVHWLPHZHLJKWHGSDUDPHWHUVUHSUHVHQW
WKHFKDUDFWHULVWLFGURSOHWWKDWUHVLGHVLQDJLYHQWDQNDWDJLYHQWLPH$OVRIRUDJLYHQ
WDQNWKHUHLVDFKDUDFWHULVWLFGURSOHWIRUHDFKLQOHW60'IDPLO\RIGURSOHWV
'URSOHW0RGHO0RPHQWXP

7KHLQIORZZDWHUIORZUDWHIURPWKHVSUD\EDULVPRGHOHGDVDQLQIORZRIZDWHUGURSOHWV
DWDVSHFLILHGYHORFLW\7KHGURSOHWVHQWHUWKHVSUD\FKDPEHUDQGLQWHUDFWZLWKWKH
)/8,17WDQNWKDWSK\VLFDOO\UHVLGHVDWWKHDSSUR[LPDWHKHLJKWRIWKHVSUD\EDU7KH
H[KDXVWGXFWIORZWKURXJKWKH9)56(7FRQQHFWRUVGRHVQRWLQFOXGHWKHGUDJIRUFH
H[HUWHGXSRQLWIURPWKHZDWHUGURSOHWV+RZHYHUWKHPRPHQWXPRIWKHZDWHUGURSOHWV
GRHVLQFOXGHWKHGUDJIRUFHH[HUWHGXSRQWKHZDWHUGURSOHWVIURPWKHH[KDXVWGXFWIORZ
7KHUHODWLYHYHORFLW\RIDGURSOHWWKDWYLUWXDOO\UHVLGHVLQD)/8,17WDQNRU³SDQFDNH´LV
GHILQHGE\

(T              GUHO9 9 9f                          >PV@

ZKHUH9LVWKHYHORFLW\RIWKHH[KDXVWGXFWIORZHQWHULQJWKH9)56(7FRQQHFWRURIWKH
UHVSHFWLYH)/8,17WDQNVHH)LJXUH







)LJXUH&KDUDFWHULVWLF'URSOHWLQ)/8,176WUDWLILHG7DQNRU³3DQFDNH´



)LJXUH)RUFHV$FWLQJRQD'URSOHW

7KHIRUFHVDFWLQJRQWKHGURSOHWDUHLOOXVWUDWHGLQ
)LJXUH7KHERG\IRUFHLVGHILQHGE\

(T              )*  GP J                            >1@

RU

(T              )*   G U 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
VFRSET 
(Flow Upward) 
&KDUDFWHULVWLF
'URSOHW
“Pancake” 
3RVLWLYH'LUHFWLRQĹ
1HJDWLYH'LUHFWLRQĻ
VFRSET 
(Flow Upward) 
³3DQFDNH´
+HLJKW9G
9
&KDUDFWHULVWLF
'URSOHW
3RVLWLYH'LUHFWLRQĹ
1HJDWLYH'LUHFWLRQĻ
9G9
)*
)'


7KHGUDJIRUFHLVGHWHUPLQHGYLDDGUDJFRHIILFLHQWGHILQHGE\

(T            
G UHO UHO
)'&' U 9 9f
 S U  

7KHGUDJFRHIILFLHQWLVGHWHUPLQHGYLD6FKLOOHU1DXPDQVUHODWLRQ>5HI@ZKLFKLV
PRGLILHGWRKDYHWKHFRUUHFWOLPLWIRUWKHLQHUWLDOUHJLPH
   
(T              &' PD[  5H 5H  


)LJXUHLOOXVWUDWHWKDWWKHPRGHODOZD\VKDVWKHURFNHWH[KDXVWGXFWIORZWKURXJKWKH
9)56(7FRQQHFWRUVJR³XS´RUWKHSRVLWLYHGLUHFWLRQDQGWKHGURSOHWVIORZ³GRZQ´RU
WKHQHJDWLYHGLUHFWLRQ)URPWKH)/8,17SHUVSHFWLYHWKLVLVWRDYRLGH[FHVVLYHIORZ
UHYHUVDOVWKURXJKWKH9)56(7FRQQHFWRUV8VHUORJLFIRUFHVIORZ³XSZDUG´WKURXJKD
9)56(7FRQQHFWRULIWKHYROXPHRIDJLYHQ³SDQFDNH´LVODUJHUWKDQWKHFRUUHVSRQGLQJ
³SDQFDNH´DERYHLWRWKHUZLVHWKHIORZUDWHWKURXJKWKH9)56(7FRQQHFWRULV]HUR7KH
GURSOHWVDOVRGRQRWH[SHULHQFHIORZUHYHUVDOEHFDXVHRIWKHFRPSOH[LW\RIERRNNHHSLQJ
WKHP,IDFKDUDFWHULVWLFGURSOHWUHVLGLQJLQD³SDQFDNH´DWDJLYHQWLPHH[SHULHQFHVDQHW
XSZDUGIRUFHWKHDEVROXWHYHORFLW\RIWKHGURSOHWZLOOGHFUHDVHXQWLOLWUHDFKHVDYDOXHRI
]HUR2QFHLWUHDFKHV]HURDQGFRQWLQXHVWRKDYHDQHWXSZDUGIRUFHWKHYHORFLW\
FRQWLQXHVWRUHPDLQ]HURXQWLOWKHUHLVDQHWGRZQZDUGIRUFH'XULQJWKLVWLPHWKH
FKDUDFWHULVWLFGURSOHWUHPDLQVLQLWV³SDQFDNH´7KLVLQHIIHFWPRGHOV³IORDWLQJ´GURSOHWV
'URSOHWVIURPD³SDQFDNH´DERYHD³SDQFDNH´ZLWKIORDWLQJGURSOHWVDUHVWLOODOORZHGWR
HQWHUWKH³SDQFDNH´ZKHUHGURSOHWVDUHIORDWLQJJLYHQWKDWWKHGURSOHWVLQWKHDERYH
³SDQFDNH´DUHH[SHULHQFLQJDQHWGRZQZDUGIRUFH7KLVZLOOXOWLPDWHO\FUHDWHDQ
DFFXPXODWLRQRIGURSOHWVLQWKH³SDQFDNH´VWLOOH[SHULHQFLQJDQHWXSZDUGIRUFHZLWK
IORDWLQJGURSOHWVWKXVFDXVLQJWKDW³SDQFDNH´WRIORRG7KHQHWIRUFHRQWKHGURSOHWLVWKH
VXPRIWKHERG\IRUFHDQGWKHGUDJIRUFH7KHFKDQJHLQYHORFLW\RIDGURSOHWIRUDJLYHQ
WLPHVWHSLVFDOFXODWHGYLD

(T              GG G9)* )' P GW                       >1@

:KHQDFKDUDFWHULVWLFGURSOHWWUDYHOVWKHKHLJKWRID³SDQFDNH´VHH)LJXUHLQZKLFKLW
FXUUHQWO\UHVLGHVDWDJLYHQWLPHLWZLOOYLUWXDOO\SDVVWRWKH³SDQFDNH´EHORZ7KLV
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FRQGLWLRQV,PSOHPHQWDWLRQRIWKHDIRUHPHQWLRQHGORJLFLVGRQHDWWKHEHJLQQLQJRID
WLPHVWHSDQGGRHVQRWFKDQJHDVDVROXWLRQLVLWHUDWHGXSRQZLWKLQWKHLQWHUQDOVROYHURI
6,1'$)/8,177KHFRQGHQVDWLRQUDWHWKDWRFFXUVZLWKLQD³SDQFDNH´LVFRQVWDQWDQG
EDVHGRQDOOWKHGURSOHWVWKDWUHVLGHLQWKDW³SDQFDNH´DVWKHVROYHUILQGVDVROXWLRQIRU
WKDWWLPHVWHS7KHKHDWDQGPDVVWUDQVIHUUDWHVGRQRWUHIOHFWWKHFKDQJHLQWKHSDUWLDO
SUHVVXUHRIWKHZDWHUYDSRURIWKH³SDQFDNH´WKDWRFFXUVDVWKHVROYHUDWWHPSWVWRILQGD
VROXWLRQIRUWKHJLYHQKHDWDQGPDVVWUDQVIHUUDWHVDVVLJQHGDWWKHEHJLQQLQJRIWKHWLPH
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GURSOHWVDWXUDWLRQWHPSHUDWXUHEHFDXVHRIWKHLQDELOLW\WRFRUUHFWIRUWKHKHDWDQGPDVV
WUDQVIHUUDWHVDVWKHSDUWLDOSUHVVXUHRIWKHZDWHUYDSRUFKDQJHV7KHRYHUHVWLPDWLRQRI
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7KHVHFRQGWHUPLQ(TXDWLRQDFFRXQWVIRUWKHYDSRUL]DWLRQRIDQ\OLTXLGPDVVIUDFWLRQ
WKDWPD\RFFXULQWKH³SDQFDNH´

$VWKHVROXWLRQDSSURDFKHVDVWHDG\VWDWHWKHVSUD\FKDPEHUSUHVVXUHDVZLOOEHVHHQLQ
WKH5HVXOWVVHFWLRQZLOOWHQGWRRVFLOODWHDERXWDVPDOOSUHVVXUHGHDGEDQG7KHVH
RVFLOODWLRQVFDQEHPLQLPL]HGE\UHGXFLQJWKH)/8,17FRQWUROYDULDEOH'76,=)
WKHUHE\UHGXFLQJWKHDPRXQWDOXPSSURSHUW\FDQFKDQJHLQDWLPHVWHS$QRWKHUZD\WR
PLQLPL]HWKHRVFLOODWLRQVLVWRXVHRQHRI6,1'$)/8,17¶VPRUHUREXVWPDWUL[VROYHUV
LHVHWWLQJ0$70(7 )LQDOO\RQHFDQLQFUHDVHWKHQXPEHURI³SDQFDNHV´RU
VWUDWLILHGWDQNV7KHDIRUHPHQWLRQHGSURFHGXUHVPD\FUHDWHORQJHUUXQWLPHVDQGVPDOOHU
WLPHVWHSV
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,WLVLPSRUWDQWWRDFFRPPRGDWHWKHSK\VLFVRIWKHUPDOFRQGXFWLRQWKURXJKWKHGURSOHWLQ
WKH6,1'$)/8,17PRGHORIWKH%IDFLOLW\,WLVK\SRWKHVL]HGWKDWJLYHQWKHGURSOHW
VL]HVRQWKHRUGHURIPLFURQVDQGJUHDWHUGURSOHWYHORFLWLHVRQWKHRUGHURI
PVDQGVL]HRIWKHVSUD\FKDPEHUWKDWWKHZDWHUGURSOHWVPD\QRWEHIXOO\XWLOL]HG
7KHUHIRUH6,1'$³VROLGFRQGXFWLRQ´GURSOHWVWKDWFRUUHVSRQGWRHDFKRIWKHWLPH
DYHUDJHGFKDUDFWHULVWLFGURSOHWVDUHPRGHOHG$6,1'$GURSOHWWKDWPRGHOVWKHWKHUPDO
FRQGXFWLRQWKURXJKWKHGURSOHWFRUUHVSRQGVWRLQWLPHDQGVSDFHWKHFKDUDFWHULVWLF
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WKH)/8,17PRGHOPXOWLSOLHGE\WKHQXPEHUGURSOHWIDPLOLHV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7KHGHJUHHRIQRGDOL]DWLRQRIWKHWKHUPDOGURSOHWLVGHWHUPLQHGE\WKH
XVHU)RUWKHFXUUHQWDQDO\VLVWKHWKHUPDOGURSOHWVKDYHWHQQRGHV7KHFRQGXFWRUV
EHWZHHQWKHQRGHVDUHGHILQHGE\(TXDWLRQ$OOFRQGXFWRUVDQGFDSDFLWDQFHVDUH
XSGDWHGDVDIXQFWLRQRIWLPHDQGWHPSHUDWXUHLQXVHUORJLF
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7KHVHWKHUPDOGURSOHWVWUDFNWKHFKDUDFWHULVWLFGURSOHWVFUHDWHGLQWKHXVHUORJLFEORFNVRI
WKH)/8,17SRUWLRQRIWKHPRGHO7KDWLVWKHWLPHDYHUDJHGSURSHUWLHVRIWKHGURSOHWDUH
RYHUODLGRQWRWKHWKHUPDOGURSOHWRQWKHEHJLQQLQJRIDWLPHVWHSLQWKHWKHUPDOPRGHO
)RUWKHWKHUPDOPRGHOWKHSURSHUW\RILQWHUHVWLVWKHWHPSHUDWXUHGLVWULEXWLRQWKURXJKWKH
GURSOHW$WWKHHQGRIWKHWLPHVWHSWKHWKHUPDOPRGHOKDVVROYHGIRUDQHZWHPSHUDWXUH
GLVWULEXWLRQWKURXJKDJLYHQGURSOHW7KLVLVWKHQHZWHPSHUDWXUHGLVWULEXWLRQIRUWKH
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GURSOHW7KHUHIRUHDWLPHDYHUDJHGWHPSHUDWXUHRIHDFKWKHUPDOQRGHPXVWEHFDOFXODWHG
,I GQ7 LQ LVWKHWHPSHUDWXUHRIWKHQWKQRGHRIDWKHUPDOGURSOHWHQWHULQJD³SDQFDNH´DQG
G
Q7 ROG LVWKHWHPSHUDWXUHRIWKHQWKQRGHRIDWKHUPDOGURSOHWDOUHDG\LQWKDW³SDQFDNH´
WKHQWKHQHZWLPHDYHUDJHGWHPSHUDWXUHRIWKHFKDUDFWHULVWLFGURSOHWLV

(T        G GG
Q Q
Q LQ
LQ
7 LQ 1GURS 7 ROG 1GURS7 1GURS 1GURS
               >.@

7KH6,1'$9$5,$%/(6ORJLFEORFNRIWKHGURSOHWWKHUPDOPRGHOGRHVDFKHFNWR
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